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ABSTRACT 

Cross sections for n+p, K'p and n'p elastic scattering for 

incident momenta above a few tens of GeV/c and momentum transfers 

in the range 15 -t 5 10 (GeV/c)2 have recently been measured. 

The data are reviewed, and compared with existing models of 

elastic scattering. 



2 

1. INTRODUCTION 

In the past three years, much new data has become available 

on hadron-hadron elastic scattering at incident momenta above a 

few tens of GeV/c and momentum transfers in the range 1 5 -t r: 

10(l). The data are primarily from two experiments, WA7 at 

CERN(2'3'4) (20 and 50 GeV/c) and E577 at Fermilab(5r6'7) (100 

and 200 GeV/c). 

Experimental techniques used by different groups to measure 

large -t elastic scattering have many common features, mainl!y 

determined by the difficulties of measuring cross sections do/dt 

as small as fl lO-36 cm2/ (GeV/c)2. For illustration, we show in 

Figure 1 the layout of E577. Spectrometers are used to record 

both of the outgoing particles, and there are cerenkov counters 

for particle identification in order to measure cross sections 

for more than one incident particle type simultaneously. Beam 

intensities typically are greater than lo7 incident particles per 

second in order to have reasonable statistics out to large -t. 

This report will discuss only a selection of the physics 

topics studied by the two experiments; the reader is referred to 

the published papers for other physics not covered here, and for 

more detailed descriptions of the experiments. 
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2. MODELS FOR HIGH MOMENTUM LARGE -t ELASTIC SCATTERING --------- 

In this report, I will compare data with three of the many 

models which have been proposed. 

(i) Geometrical Scala(*) 

The elastic scattering amplitude as a function of energv s 

and impact parameter b, T(s,b), is given by T(b/R(s); all of the 

energy dependence in the cross section is contained in the radial 

scale parameter R(s). This leads to the following expressions 

for the total and elastic differential cross sections: 

UT .J- R 2 

do/dt z R4 f(R2t) 

where f is some universal function. Usi~ng the above two 

expressions, it is readily seen that a graph of da/at normalized 

to the optical point, plotted against taT, should be a universal 

curve. 

(ii) Chou-Yang Model(g) 

In this diffraction (or geometrical) model, the amplitude 

for the elastic scattering of particle A on particle B is related 

to a transform of the product of the form factors of A and B; the 

assumption is made that the electromagnetic form factors for A 
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and B are the appropriate ones to use. Thi.s hvnothesis can be 

tested in the pp case since considerable data on elastic 

scattering is available, and the electromagnetic form factors 

have been measured using electron-proton scattering. The 

agreement obtained between prediction and data is good, including 

prediction of the observed -t S 1.4 dip (see, for example, 

reference 10). 

(iii) QCD(ll) 

Lowest order QCD diagrams lead to the following expression 

for pp elastic scattering, expected to be valid at large s and t: 

this gives 

do/dt n s-lo (t/s)-* ; 

do/at fl s-lo at fixed t/s (OK fixed Ocm) 

and do/dt fl t -8 at fixed s. 

For np scattering, the corresponding prediction is 

do/at fl s-* (t/s) -7 
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3. PREVIOUSLY AVAILABLE DATA ABOVE fl 50 GeV/c -___.-- 

Until s 1.980, data existed for pp elastic scattering up to 

-t .J- 14; np results extended to -t ~4, while n'p, Kfp and pp data 

were available only up to -t s 2. 

Some pp data(12-16) up to -t s 6 is shown in Figure 2. The 

main feature is the emergence of a diffraction-like dip at -t s 

1.4, together with a second maximum, for incident momenta above s 

150 GeV/c. Extensive data on the development of this dip 

structure as a function of incident momentum now exist. Results 

for np scattering show Similar effects (17) . 

Figure 3 gives pp results (15r16r18) at large -t, plotted in 

a form to illustrate the QCD-like behavior of the data; a fit is 

shown of the form ItI-" with n = 8.6, close to the expected QCD 

value of n = 8. 

4. ANTIPROTON-PROTON SCATTERING ____ 

The first important new result from the recent experiments 

is shown in Figure 4. The WA7 group(*) extended the 50 GeV/c hp 

data to -t fl 5, and discovered a dip at -t * 1.4 followed by a 

second maximum; this effect was (6) confirmed' at 100 GeV/c by 

E577. The shape of the t distribution is almost identical to 

that observed for PP scattering at ISR energies. Already, 

SeVeKal SXphnStiOnS fOK the StKUCtUKe, together with predictions 

fOK its behavior with incident momentum, have been given. (see, 

for example, references 19 and 20). 
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5. PION-PROTON SCATTERING 

The second major new result came when 200 GeV/c a-p data 

became available from E577. Preliminary results were given in 

reference 5, and Figure 6 shows the current status of the data. 

As seen in the figure, the observed t distribution is smooth near 

-t s 1.4, unlike the baKyOn-pKOtOn case, but now a significant 

diffraction dip appears at -t S 4, followed by a second maximum 

and then a slow fall with increasing -t. This behavior was 

generally unexpected, although there had been at least one 

previous paper predicting such an effect(*l). Subsequent 50 GeV/c 

a-p datat3) does not have this dip (see Figure 7), showing that 

there is a threshold energy for this behavior as in the pp case; 

however, 50 GeV/c n+p dataf3) does show a dip at about the same t 

value (Figure 8). 

The pion form factor has been derived from the 200 GeV/c n-p 

data using the Chou-Yang mode1(22); Figure 9 shows the form 

factor obtained. The form factor agrees well with the pion 

electromagnetic form factor (not shown) obtained from pion 

eleCtKOpKOdUCtiOn (23) where this information is available c-t<*), 

and the form factor slope near t = 0 gives a value of the pion 

KadiUS K = 0.66f, in good agreement with that obtained from xe 

scatteri1g(24). 

The form factor agrees with the vector meson dominance model 

prediction fOK -t *: 1, but there is significant disagreement at 

larger -t; however, there is reasonable agreement with a QCD 

prediCtiOn which is expected to be valid in the large -t 
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region. 

A comparison of the recent data with the QCD model 

prediction discussed in Section 2 (iii) is shown in Figure 9; 

since the prediction is expected to be valid only at large -t, we 

have restricted the data used in the comparison to the region 

above the -t s 4 diffraction dip, specifically to -t 2 4.9. The 

data is seen to be consistent with the expected It\-' dependence, 

although it would be more convincing if there were data at the 

same t/s but at two different incident momenta (as exists for the 

pp case shown in Figure 3). For this, 200 GeV/c measurements out 

to -t s 20, or 100 GeV/c measurements to -t * 3.0 would be needed. 

Although the data of Figure 9 is suggestive of agreement 

with the QCD prediction, it should be noted that neither set of 

experimental data is sufficiently accurate to verify the /tlm7 

dependence itself, as illustrated in Figure 10; a comparison is 

given there with the corresponding pp case. 

6. KAON-PROTON SCATTERING 

50 GeV/c K+p datat4) from WA7 (Figure 11) gives an 

indication of a dip at -t of 4, and a change of slope beyond that 

-t value. This behavior is similar to that in a+p at the same 

momentum(3) (Figure 7). 

The higher statistical accuracy of the WA7 and E577 data 

allows more detailed tests of the geometrical scaling model than 

previously possible: one such test is illustrated in Figure 12. 

In Figure 12a we show a comparison between 100 GeV/c n-p and K-p 



data(') from E577, together with some earlier lower -t data (25) 

and the optical point(26-2*): it can be seen that the n-p and K-p 

distributions have different shapes; geometrical scaling predicts 

that when da/dt normalized to the optical point is plotted 

against toT for the two reactions, the curves should become 

identical. This comparison is given in Fiqure 12b, and shows 

that there is a suhstantial violation of the geometrical scaling 

prediction. 

7. COMPARISON OF MESON-PROTON AND BARYON-PROTON SCATTERING ----_- -- 

Although we have not illustrated it in this report, the E577 

data shows that, over the t ranges measured, there is little 

difference between pp and pp scattering, and little dependence of 

both on incident momentum. Similarly there is little difference 

between any of the meson-proton distributions, and little 

momentum dependence. (The differences of Figure 12 are 

relatively small). Meson-proton scattering, however, is 

substantially different from baryon-proton scattering, as seen in 

Figure 13 for 200 GeV/c n-p and pp. Nevertheless, they do have 

common features - after a fall of many decades from the optical 

point, both show a diffraction dip (at -t * 1.4 for pp and -t fl 4 

for n-p) followed by a second maximum and then a relatively slow 

fall with increasing -t. 
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8. CONCLUSIONS 

1. Hadron-hadron elastic scattering above fl 50 GeV/c is 

diffractive in the small -t region. There is little 

variation of any of the cross sections with incident 

momentum, and all (?) processes show a diffraction-like 

dip: 

for PP~ YJP and np, this dip is at -t 8 1.4 

for n-p, v+p and possibly K+p, the dip is at -t s 4. 

2. At large -t, pp elastic scattering data agree with the 

predictions of lowest order QCD, while np is probably in 

agreement (although more data for np is definitely 

needed). 

3. Future data needed: 

a) ap data to -t J\ 20 at 100 and 200 GeV/c will help in 

testing the QCD prediction discussed above. 

b) PP scattering data out to -t z 2 or greater at the 

CERN and Fermilah Colliders will enable tests of the 

diffractive nature of the small -t scattering to be 

carried out. 
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FIGURE CAPTIONS -- 

Figure 1. Layout of Fermilab experiment E577. Hl-H4 are 

scintillation counter hodoscopes; PI-P8 are proportional 

wire chamber arrays. Not shown are veto counters around the 

hydrogen target, helium bags in the forward spectrometer, 

monitor telescopes, and apparatus in the incident beam such 

as scintillation counters, proportional wire chambers, 

SWIG'S, and a differential Cerenkov counter. 

Figure 2. Some pp elastic scattering data, from references 

12-16. 

Figure 3. Elastic scattering cross section for pp multiplied 

by sl' plotted against -t/s; data from references 15,16,18. 

Also shown is the line ltl-8'6. 

Figure 4. Data on pp elastic scattering from references 2 and 

6. 

Figure 5. 200 GeV/c n-p elastic scattering (reference 5). 

Figure 6. 50 GeV/c and 200 GeV/c a-p elastic scattering 

(references 3 and 5). 

Figure 7. a+p elastic scattering at 50 GeV/c (reference 3). 

Figure 8. Pion form factor derived (ref. 22) from the 200 

GeV/c r-p data of reference 5, compared to a vector meson 

dominance curve and a QCD prediction (reference 11). 

Figure 9. 50 GeV/c and 200 GeV/c a-p data for -t > 4.9, from 

references 3 and 5, compared to the QCD predictjon of It\-'. 
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Figure 10. Data on 1Tp and pp elastic scattering (references 

3,5,15); the curves show expected QCD dependences. 

Figure 11. K+p data at 50 GeV/c (reference 4). 

Figure 12. Test of geometrical scaling, using data from 

references 7, 25-28. 

Figure 13. Comparison of IT-P and pp elastic scattering at 200 

GeV/c (references 5, 14, 15). 
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